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Lithium Ion Batteries 
Sample Preparation 
Update current lithium ion battery 
lifetime models 
• Provide more accurate predictions on 
batteries for use in electric/hybrid cars 
• Requires new physics-based models 
• Factors mechanical degradation of 
NMC particles and the properties of 
each component over the life span 
• Measure the mechanical properties 
of individual particles using 
nanoindentation 
• Develop a better understanding of 
the fundamental material physics 
behind battery degradation. 
• Standardize material preparation 
techniques and testing procedures 
Physics-Based Battery Lifetime Models 
Future Research Non-Aqueous Alcohol-Free Preparation 
Most polishing media is suspended in alcohol or 
aqueous solutions. 
• NMC is hydrophilic and will absorb water 
and/or alcohol potentially altering the properties 
Non-typical preparation methods and media to 
maintain material integrity: 
• Application of lapping oil 
• Lubrication and heat distribution 
• Used with grit paper for grinding 
• Combined with diamond paste for polishing 
• Intermittent acetone rinses 
The Hysitron TI 950 TriboIndenter 
• Utilizes a 3-plate transducer which controls a specifically shaped diamond tip.  A 
voltage between the outer plates applies a precise force on the center plate 
connected to the diamond tip. 
Award Number: DMR-1063150 
Polishing Composite Materials 
The cathode is made up of relatively large and 
hard particles with small and soft materials.  
Typical polishing results in high particle removal. 
• Leaves a rough topography often below 
surface of epoxy mount 
Optimize polishing techniques: 
• Pressure on the sample 
• Direction of media across the sample 
• Polishing duration 
Mechanical Property Measurement Causes of Mechanical Degradation 
J.R. Wilson et al. / Journal of Power Sources 196 (2011) 3443–3447 
Battery Components 
Cathode: NMC Composite 
Anode: Graphite/Graphene 
Compound 
Electrolyte: DMC Solvent 
     (Dimethyl Carbonate) 
Collector: Aluminum/Copper Foil 
Separator: Membrane allows 





20 µm aluminum foil between two 
80 µm layers of NMC composite 
NMC Composite: 
• Li[Ni1/3 Mn1/3 Co1/3]O2 (or NMC) 
• Ceramic 
• Active component in cathode 
• Sheet-like structure providing 
scaffolding for intercalation 
process 
• PVDF (polyvinylidene difluoride) 
• Polymer 
• For Adhesion 
• Carbon Particles 




Intercalation: Process in which lithium 
ions are exchanged between electrodes. 
• Provides recharging capabilities 
• Major benefit of lithium ion technology 
J.R. Wilson et al. / Journal of Power Sources 
196 (2011) 3443–3447 
Fractures, Voids, and 
Delamination 
Mechanical stresses produced by the 
intercalation of lithium ions can 
cause a 10% to 40% change in 
volume of the NMC due to shrinking 
and swelling. 
Nanoindentation – The tip is gradually pressed into 
the surface of a material and  then withdrawn while 
measuring force and displacement.  Using the Oliver 
and Pharr Method, the data is analyzed to determine 
the material’s hardness and reduced elastic modulus. 
Scanning Probe Microscopy (SPM) - The tip  is 
ran across the surface of a sample in a line by line 
raster scan, generating a topographical surface image. 
• Artifacts – When a surface feature is “sharper” 
than the probing tip the roles reverse and the 
surface feature probes the tip, generating an image 
resembling an inverse, mirrored shape of the tip. 
Resolution 
     Applied Force: < 1 nN 
          Range: ≤ 30 nN to 10 µN 
     Displacement : < 0.02 nm 
          Max: 5 µm 
SPM Image Before 
Indenting 
SPM Image After 
Indenting 
SPM 3D Plot After 
Indenting 





Electron backscatter diffraction showing multiple 
sub-particles within larger particles 
3D reconstructed image showing particles in similar active cathode 
material on left and inversed image of carbon and other material on right. 
µm µm 
Composite SEM Image 
Smith, Kandler. National Renewable Energy Laboratories, July 2012 
Test Labels: Discharge C-Rate – Percent Depth of Discharge 
All tests at room temperature at a 1C charge rate. 
C-Rate: Rate of Charge/Discharge versus Nominal Capacity 
NMC Lithium Ion Battery Capacity Degradation 
Sub-Particle Analysis 
NMC forms a sheet-like structure which plays an 
important role in intercalation.  Visible particles are 
often made up of numerous sub-particles of varied 
orientation.  The use of electron backscatter 
diffraction to determine the orientation of an 
indented sub-particle will give insight to the  
measured mechanical properties and provide a 
better understanding of particle degradation. 
Cathode SEM Image 
NMC Particle 



































































Example NMC Loading Curve 
Cycling of the battery results in: 
• NMC particle fractures 
• Voids within the cathode materials 
• Delamination from aluminum foil 
collector 
These defects isolate areas of the 
cathode making them unusable, 
thereby reducing the battery's overall 
capacity. 
 
